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Adansonia digitata L. is an important tree for the livelihood of people in arid zones. Therefore, 
selection of superior phenotypes of leaves and fruit trees and products is essential for future species 
cultivation and conservation. Thus the objective of this study was to characterize and assess leaf 
morphology of Adansonia  digitata in relation to fruit morphology and  location. Five to twenty 
individuals’ trees were sampled randomly within baobab population for morphometric measurements. 
From each tree, six fresh leaves without any damage were selected from different positions of tree 
crown and kept in labeled plastic bags. It was characterized for leaf size, thickness, and stomata 
density on the abaxial surface of leaves. Variations analysis was employed using SPSS and Excel 
programs. Our preliminary results indicated high significant variations in leaves characters (medial 
leaflet length, leaflet width, number of leaflet and medial leaflet thickness) and stomata density.  
Higher stomata density was found in North Kordofan state (101.36±14.77), dry area compared to those 
from Blue Nile state (83.36±12.95) wetter area. 
Trees from Blue Nile state study site showed greater leaves size than those from North Kordofan state. 
It seems that environment may play a role in baobab trees leaves morphology. However, additional 
research on tree genetics is necessary to complement the baobab resources cultivation and conservation 
 
1. Introduction 
 
    The baobab tree (Adansonia digitata L.) is a prime candidate for domestication in the semi-arid regions of 
Africa (Eyog et al, 2002). The family includes about 30 genera, six tribes and about 250 species. El Amin (1990) 
reported that A. digitata, a deciduous, massive, royal tree that measures up to 25 m high.  It has thick, angular, 
wide spreading branches and a short, stout trunk, which reaches 10-14 m or more in girth and often becomes 
deeply fluted. The form of the trunk varies; in young trees it is conical while in mature trees it may be 
cylindrical, bottle shaped or tapering with branching near the base. Leaves are palmate in shape, spiral and 
deciduous. Stipules are up to 2mm leaflets 5-7 lateral smaller than medial, margins entire or toothed, sessile or 
petiolate. Apex acute to apiculate, rarely obtuse (El Amin 1990; sidible and William, 2002). 
    Generally in Africa, the species is indigenous in drier areas found in West Africa (Angola), East Africa 
(Sudan) Southern Africa (up to Transvaal covering about 26 countries) (Munthali, et al, 2012). In Sudan, 
Adansonia digitata is most frequently found on sandy soils and seasonal streams, Khors, in low grassland 
Savannas. It forms belts in Central Sudan, in Kordofan, Darfur, Blue Nile, (El Amin, 1990). 
    The tree is used in parkland agro-forestry system in low grassland Savannas of Sudan where it grows 
undistributed and survives until their natural death. The tree is also grown in court yards of villages and cities of 
the Blue Nile and North Kordofan states. 
    Baobab tree has been identified as one of the most important edible savanna trees to be conserved, 
domesticated and valorised in West Africa (Matig et al. 2002). Although Adansonia digitata L is mostly 
regarded as a fruit-bearing forest tree, it is a multiple uses, widely-used species with medicinal properties, 
numerous food uses of various plant parts, and bark fibres that used for a variety of purposes (Sidible and 
Williams, 2002). Nordeide et al., (1996) reported that young fresh leaves are cut into pieces and cooked in a 
sauce. Sometimes, they are dried and powdered and used for cooking. The powders sold in many village markets 
in Western Africa and are an important source of income for people (Chicamai et al. 2004; Diop et al. 2005). 
Baobab leaf and fruit pulp have high nutritional value in terms of vitamins and minerals (Nordeide et al. 1996; 
Baobab fruit Company 2003; Phytotrade Africa 2006; Wickens and Lowe 2008; sidible and wiliam 2002). 
    Due to its importance for non wood forest products, baobab trees domestication and cultivation is necessary to 
protect the natural stands of this species and to provide a sustainable source of income to local populations (Cuni 
Sanchez 2011). 
    Wickens (1982); Sidibe and Williams (2002) reported that within the baobab, there is evidence indicating the 
existence of a number of local forms differing in habit, vigour, fruit and leaf morphology. Until now mainly 
West and South-east African baobab populations have been studied demonstrating an impressively high intra-
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specific diversity (Gebauer and Luedeling, 2013). Baobab populations in the Sudan, which are isolated from 
both West African baobabs and East African baobabs and are at the northernmost limit of the East African 
distributional range of the species, might be an interesting genetic pool for baobab domestication and germplasm 
conservation (Cuni et al. (2011). Blum (1997) reported that drought is one of the main factors limiting growth, 
development and productivity of plants; therefore in order to identify superior sources of planting material, it 
seems important to identify baobab trees adapted to drought. There are different ecotypes with different fruits in 
terms of size, shape and sweetness no further information on the diversity of Sudanese baobabs is available in 
the scientific literature (Gebauer et al. 2002b). Abrams et al. (1990) suggested that leaf morphological variation 
can be linked to drought adaptation mechanisms. However, there are little or no studies have been undertaken on 
baobab leaf size and shape variation of this tree in Sudan. This is probably the first leaves morphology variations 
study on an indigenous tree species in Blue Nile and North Kordofan states, Sudan. 
    The aim of this study was to assess and quantify leaf morphological characteristics of baobab trees among 
different populations at different environmental variables.  
 
2. Materials and methods 
 
2.1. Study sites 
 
   In south east Sudan the selected state was Blue Nile, while in the central Sudan North Kordofan was selected. 
Blue Nile state has a semi-humid climate with mean annual rainfall varying from 650 mm in the north to over 
900 mm in the south.There are three main seasons in Blue Nile state: a hot-dry season (April -June), a rainy-
humid season (May - October) and a cool-dry season (November-February). The temperature varies from 14-
40°C during the rainy season and increasing to 46°C in the hot season (April –June). (Ministry of finance, 2004). 
It has various soil types from area to another, the plateau soils which baobab population is established, include 
the slopes of Ethiopian plateau and hills, these soils are clayey while others are sandy. The newly developed 
soils are hill and mountain soils and reservoir basin soils. 
 
   North Kordofan state has a semi-arid climate. The mean annual rain fall ranges from less than 200 mm in the 
north to about 450mm in the southern parts, also there are three main seasons, a hot – dry season (April to July), 
a rainy season (July to September) and a cool –dry season (December to May) the mean annual temperature is 
28-30°C with January being the coldest month, May the hottest (khairelseid, 1998). Gebauer et al (2013) 
reported that the area can be ecologically categorized into three broad zones: (1) the goz sands and gardud non-
cracking clays in the north and west, (2) the Nuba Mountain complex in the south-central region and the (3) 
broad clay plains in the south.  The soil which baobab population defines is characterized by its brown color and 
more fine practice than sand, named low plain of Eltabaldi which is scattered widely in the western part of 
Kordofan; (Muneer, 2011). 
 
   In each state, five study sites were selected following a latitudinal and climatic gradient with the main criterion 
being the existence of well-established baobab tree locations (Table 1 and Figure 1).  
 
Table1- Descriptions of the ten study locations of Adansonia digitata L 
 
 
State Location Latitude      
( ̊ )N 
Longitude          
( ̊ ) E 
Average Rainfall 
(mm/year) 
Annual mean 
temperature (˚C) 
Soil type 
KorTaggat 13̊  11´ 30̊ 18´ 250 28 Sandy  loamy 
Saata 12̊  58´ 29̊ 52´ 250 30 Sandy 
Elkhuwei 13̊  04´ 29̊  13´ 250 30 Sandy loamy 
Derrira 12̊  47´ 28̊  16´ 350 29 Sand N
o
rt
h 
K
o
rd
o
fa
n
 
WadBanda 13̊  06´ 27̊  56´ 250 30 Sandy loamy 
Taloba 11̊  49´ 34̊  23´ 700 30 Stony hill side 
Shenisha 11̊  57´ 34̊  22´ 700 32 Silty 
Elgerri 11̊  49´ 34̊  36´ 700 30 Stony hill side 
AbuGuduf 11̊  31´ 34̊  50´ 700 30 clay Bl
u
e 
N
ile
 
Agadi 11̊  57´ 34̊  06´ 654 32 Stony hill side 
 
Climatic data was obtained from Agromet team FAO (2013). Soil data was obtained from the Harmonized World Soil Database (FAO 2008) 
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Figure 1- Selected study sites in North Kordofan state (left) and Blue Nile state (right). Five sampled Adansonia digitata L 
populations in each state 
 
2.2. Leaves measurements 
 
   Leaves samples were collected from 10 locations in the study area (Table 1). Sampling technique were fallows 
to assessment leaves morphology variation. In total, 810 fully develop leaves from 81 trees were selected (80 
leaves and 8 trees per location were used). Ten fully developed leaves were selected from each tree at the lowest 
crown height possible.  
   Several morphometric characters were measured from each leaf using a ruler and Dial calliper (150 x 0.02 
mm), pedicel length, number of leaflets, medial leaflet length, medial leaflet width to broadest part and medial 
leaflet thickness measured at the widest part, the arithmetic mean is determined for each sample, the ratio 
between medial leaflet length and medial leaflet width were calculated. 
 
2.3. Assessment of stomata 
 
   Nail polish technique for defining the abundance and distribution of stomata were used.The medial leaflet was 
selected from 3 of the youngest fully opened leaves of each tree which classified according to its fruits shape. 
Impressions of the abaxial surface of the leaflets were made for all leaflet samples, according to the method 
described by (Ceulemans et al. 1995, Herrick et al. 2004). Nail polish impressions of the adaxial surface were 
made in order to determine whether stomata were only present on the lower surface of the leaf. The impressions 
were observed under a light microscope biological and counts were made of stomata in three random fields of 
view, at (10×40) X magnification. The stomata density was determined as the number of stomata per square 
millimetre. 
 
2.4. Statistical analyses 
 
   Leaves characteristics data was subjected to analysis of variance using SPSS 16.0, ANOVA and MANOVA 
were used to determine significant differences between study locations. Post-hoc pair wise multiple comparisons 
were performed using Tukey’s-b test and Games–Howell test. Correlations were tested using Spearman Rank 
Order Coefficient. 
 
3. Results and Discussions 
 
   Twelve distinct fruit shapes were observed and were described through visual examination: ellipsoid, high 
spheroid, ovate, obovate, Oblong pointed, fusiform, globose, spheroid-emaginate, ellipsoid pointed, clavate, 
rhomboid and crescent shaped. Fruit shape varied between trees but was consistent within each individual tree. 
Moreover, rhomboid shape found only in the Blue Nile state and clavate and crescent shapes found only in the 
North Kordofan state (gurashi and Kordofani 2014). Therefor the data were sorted and averaged according to the 
fruit morphology mentioned above.  These fruit morphotype  can be linked  to leaf morphology, and may 
indicating the presence of a number of local types of baobab affected by environment variable of the studied 
locations. This agree with Gebauer et al. (2002) and Sidibe´ and Williams (2002) reported that within the 
species, Adansonia  digitata, there is evidence indicating the presence of a number of local types differing in 
habit, vigour, size, quality of fruits and vitamin content of the leaves. 
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   Between the states, the study results illustrated that leaves measurement (medial leaflet length, width, longer 
pedicel) of trees with oblong pointed, fusiform, globose and ellipsoid pointed fruits shapes from Blue Nile state 
were larger than those from North Kordofan state. 
 
   The study findings also showed that Stomata density being significantly higher on abaxial in the studied areas, 
no stomata were found on the medial leaflet adaxial lamina surface. A few stomata were found close to the 
nerves of the medial leaflet on the adaxial impressions. There was significant difference in stomata density 
between study sites. For instance, stomata density was found to be the highest in North Kordofan state, while the 
lowest stomata densities were recorded in Blue Nile state (Table 2). 
 
Table 2- Leaf morphological and stomata density of A. digitata from studied locations 
 
Parameters Blue Nile state North Kordofan state 
Petiole  length  cm 10.66 ± 1.68 a 8.45 ± 1.56b 
Number of leaflet 5.57± 0.63 a 5.1 ± 0.32b 
Medial leaflet length  cm 9.20 ± 1.32 a 7.75 ± 1.43b 
leaflet width   cm 3.80 ± 0.52 a 2.98 ± 0.58b 
Medial leaflet thickness mm 0.24 ± 0.03 a 0.20 ± 0.02b 
Number of stomata mm2 83.36± 12.95b 101.36 ± 14.77a 
 
Means followed by the same letter within arrow are not significantly different at p≤0.05 (Tukey’s – b test) 
 
   Between all locations, variation in mean leaves morphological characters was significantly different (p≤ 0.05) 
(Table 2). Across all the locations, leaves from Taloba, Shenisha, Elgerri, AbuGuduf and Agadi (from Blue Nile) 
were larger than those from other study location in North Kordofan state (greater medial leaflet length, longer 
pedicel, greater number of leaflets, thicker). In general, there was a trend for trees from North Kordofan study 
locations to have smaller leaves. There was a significant difference in stomata density between study locations 
(Table 2). Locations from Blue Nile (BN) had the lowest stomata density whereas the highest stomata densities 
were found in North Kordofan study locations. 
 
   Medial leaflet; length, width, petiole length, were significantly and positively correlated with mean annual 
temperature (p≤0.05). Leaf shape ratio and stomata density were found to be significantly and positively 
correlated with annual precipitation p≤0.05). Whereas, stomata density was significantly and positively 
correlated with annual precipitation (p≤0.05) and with mean annual temperature.  Stomata density being 
significantly higher on abaxial in the North Kordofan drier area (Table 3). 
 
Table 3- Coefficients of correlation between leaves morphology and stomata density and climatic factors (rainfall and 
temperature) 
 
Environmental 
variables 
petiole 
length 
Number of 
leaflet 
Medial leaflet 
length 
Medial leaflet 
width 
Ratio 
length/width 
Medial leaflet 
Thickness 
stomata density 
(mm2) 
Annual  mean 
rainfall 
0.299** 0.125** 0.413** 0.413** 0.019 0.389** -0.266** 
Annual  mean 
temperature 
0.154** 0.156** 0.230** 0.223** 0.176** 0.293** -0.266** 
 
**correlation is significant at the 0.05 level (2-tailed)  
*correlation is significant at the 0.05 level (2-tailed) 
 
   The correlation between stomata density and sand percentage in the  also agrees with the literature: sandy soils 
hold much less water than loam and clay soils, baobab trees growing in sandy soils experienced much more 
drought stress than others, thus stomata density was higher (Cuni et al., 2010). 
 
   The relationship originated between leaf size and stomata density and climatic characteristics is in accordance 
with the literature: the higher the temperature, the higher the stomata density, the lower the precipitation, the 
higher the stomata density. 
 
   The results indicated that leaves morphology was significantly different (p≤0.05) within and between the 
studied states, among baobab trees with twelve different fruits shapes which were consistent in each tree (Figure 
2 and  3; Table 4).  
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Figure 2- Diversity in leaf morphology according to diversity in fruit shape of (A. digitata L.) from North Kordofan state. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      Fusiform fruit                           Leaf                                Globose fruit                           leaf 
     Ellipsoid pointed                         Leaf                                Ellipsoid fruit                           leaf 
             Ovate                                  Leaf                                       Clavate                                 leaf 
     High spheroid                            Leaf                              Crescent  shaped                          leaf 
  Spheroid emarginated                     Leaf                                   obovate                                 leaf 
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Figure 3- Diversity in leaf morphology according to diversity in fruit shape of (A. digitata L.) from Blue Nile state. 
   Within the Blue Nile state, the longest leaf petiole is found in association with high spheroid, ovate, oblong 
pointed, globose, spheroid emarginated and ellipsoid pointed fruit shapes, whereas fusiform fruit characterized 
by having the shortest. Leaflets number was found to be the highest overall with rhomboid fruit shape (nine 
leaflets). In contrast, leaflet number in tree with ovate shape was the smallest in Taloba (three). Most of the 
leaflet number in both states is 5, followed by 7 rarely 9 or 3. There are also noticeable differences in leaf shape. 
Also the study findings indicated that medial leaflet length in trees with ellipsoid, high spheroid, ovate, obovate, 
oblong pointed, fusiform, globose, spheroid emarginated and ellipsoid pointed recorded the longest overall. In 
contrast, medial leaflet length of tree with rhomboid shape was found to be the smallest one (Table 4). 
 
 
 
 
 
Spheroid emarginated                   leaf                                    Oblong pointed                       leaf       
 
   High spheroid                           leaf                                        Spheroid                              leaf       
 
   High spheroid                           leaf                                        Spheroid                              leaf       
 
    Ellipsoid  pointed                         leaf                                       Globose                              leaf       
 
           Rhomboid                              leaf                                       Ellibsoid                             leaf 
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Table 4- Leaves morphological and number of stomata of baobab from ten study locations 
Fruit 
Shapes 
States Study 
locations 
Petiole length 
(cm) 
Number of 
leaflets 
Medial leaflet 
length (cm) 
Leaflet width 
(cm) 
Medial leaflet 
thickness (mm) 
Number of 
stomata(mm2) 
Agadi 9.25 ± 1.69 bc 5.4 ±1.08b 9.42±1.01a 3.96±0.7ab 0.27± 0.04a 86±3.61cd 
AbuGudaf 9.74 ± 1.06 ab 5.6 ±0.7b 7.28±0.53bc 3.95±0.33ab 0.26± 003ab 87±4.58cd 
Elgerri 10.32 ± 1.48 ab 5.6 ±0.7 b 7.61±0.72bc 3.8±0.35ab 0.27± 0.02a 85.67±0.69cd 
 
Blue 
Nile 
Taloba 10.51 ± 1.73 ab 5.4 ±0.94 b 8.59±1.21b 4.02±0.4ab 0.28±0.03a 86.17±8.5d 
Derrrira 14.63±2.87 a 5.4± 0.7 b 7.93±0.6bc 3.63±0.67b 0.18±0.6d 96.67±2.08bcd 
Elkhuwei 8.18±1.38 c 5.25±0.85 b 6.88±1.75c 2.54± 0.73d 0.22± 0.02a 108±7.69ab 
KorTaggat 9.93±1.19 ab 5.11±0.72 b 9.55±1.10a 3.79± 0.31ab 0.22±0.04bcd 120±10a 
Saata 11.2±1.96 a 5.20±0.79b 10.55±1.35a 4.16±0.53ab 0.29±0.02a 111.33±1.53ab 
 
 
 
 
 
Ellipsoid  
North 
Kordofan 
WadBanda 7.75±1.21cd 5±0.0b 7.49±0.69bc 3. 82±0.38a 0.19±0.01cd 104±4abc 
Agadi 11.46±2.04a 5.3±1.05b 11.43±2.09a 4.18±0.63ab 0.23±0.02a 98.67±4.16bc 
Elgerri 8.53 ±1.2c 5.5±0.97b 10.35±1.18a 4.61±0.33ab 0.21±0.02ab 83±5cd 
 
Blue 
 Nile Shenisha 10.21±2.18ab 5.2±0.89b 9.98±1.35ab 4.21±0.49ab 0.22± 0.02a 100.5±6.38bc 
Derrrira 8.07±1.61c 5± 0.00b 6.9±1.01c 2.53±0.44d 0.21±0.01ab 67±2.65d 
Elkhuwei 8.11±1.66c 4.6±0.82c 9.31±1.35a 3.39±0.53c 0.21±0.03ab 103.33±10.63ab 
KorTaggat 8.64±2.49c 5.15±0.74b 7.73±1.19bc 3.04±0.67cd 0.19±0.01b 118±10.94a 
 
 
 
High  
Spheroid  
North 
Kordofan 
Saata 8.28±0.56c 4.7±1.06c 10.72± 2.09a 3.83±0.51ab 0.2±0.03ab 102.33±2.1abc 
Agadi 12.52±2.17a 5±1.05b 8.95±1.37a 3.34±0.59c 0.27±0.04a 82.67±4.93c 
Elgerri 10.92±1.68ab 5.1±1.10b 12±1.98a 3.99±0.71ab 0.27±0.04a 82.67±4.93c 
Shenisha 9.07±1.49bc 5.15±0.8b 8.93±0.85 a 3.69±0.44ab 0.23±0.03ab 87.5±8.09c 
 
Blue 
Nile 
Taloba 9.12±1.32bc 4.70±0.67c 9.91±1.09 a 3.69±0.41ab 0.27±0.04a 82.67±4. 93c 
Elkhuwei 8.09±1.49c 5.05±0.88b 7.55±0.69bc 3.09±0.56c 0.21±0.05bc 96 ± 11.88bc 
KorTaggat 7.66±2.49cd 4.90± 0.48b 6.51±1.29c 2.35±0.34de 0.18±0.03c 105±7.33b 
 
 
 
 
Ovate 
North 
Kordofan 
WadBanda 9.68±1.57bc 4.9± 0.32b 7.43±1.13bc 2.51±0.32d 0.19±0.01c 124.67±4.73a 
Agadi 10.47±1.89ab 5.5±0.97b 7.97±0.95bc 2.97±0.35d 0.22±0.04a 87±8.54a Blue Nile 
Elgerri 8.83±1.02bc 5.2±0.79b 9.52±1.52a 2.69±0.32d 0.2±0.01a 97.33±11.68a 
Derrrira 8.14±0.8c 5.5±0.84b 8.62±1.13b 2.72±0.28d 0.21±0.01a 78.33±4.16a 
Elkhuwei 7.65±1.17cd 5 ±0.00b 7.57±0.89bc 2.75±0.24d 0.2±0.01a 83.33±6.66a 
 
 
Obovate North 
Kordofan 
KorTaggat 10.51±1.75ab 5.1±0.72b 8.76±0.73b 3.5±0.41ab 0.21±0.03a 87.67±27.5a 
Agadi 12.87± 1.08a 5.1±0.73b 10.85±2.18a 4.21±0.6ab 0.22±0.02bc 84.67±3.06ab 
AbuGudaf 12.92±1.59a 5.1±0.74b 11.4±2.91a 3.76±0.44ab 0.22±0.02bc 83.33±7.09b 
Elgerri 12.18±2.33a 5.1±0.87b 8.79±1.21ab 4.09±0.59ab 0.28±0.04a 65.33± 8.02b 
Shenisha 9.96±1.4ab 5.1±0.88b 9.55±1.13a 4.35±0.4 2ab 0.28±0.03a 78.33±5.13b 
 
 
Blue Nile 
Taloba 11.78±2.5a 5 ±0.56b 9.79±1.95a 3.96±0.65ab 0.25±0.04ab 84±20.55b 
 
 
 
Oblong 
pointed 
North 
Kordofan 
Elkhuwei 7.03±1.06d 4.95±0.69b 6.2±0.86c 2.36±0.35de 0.21±0.01c 115.33±14.31a 
AbuGudaf 7.93±0.89cd 5 ±1.05b 9.6±1.28ab 3.11±0.27c 0.26±0.04a 99.33±9.71a 
Elgerri 8.75±1.33c 5.2±1.23b 10.09±0.85a 3.45±0.56c 0.27±0.04a 76.33±10.21b 
 
Blue Nile 
Taloba 9.53±1.4b 4.9±0.99b 9.48±0.82a 3.72±0.48ab 0.27±0.06a 82.67±5.03ab 
 
 
Fusiform 
North 
Kordofan 
Elkhuwei 9.01±1.3bc 4.5±0.94c 9.58±0.72a 3.62±0.58b 0.37±0.06a 81.67 ± 5.13ab 
AbuGudaf 12.51±1.25a 5.9±0.88b 10.62±0.94a 4.86±0.52a 0.29±0.02a 90.67±9.02a  
Blue Nile Taloba 13.14±1.97a 5.9±0.87b 10.38±0.71a 5.17±0.57a 0.31±0.31a 81±10.44ab 
 
 
Globose 
North 
Kordofan 
Elkhuwei  11.71±1.35a 5.5±0.78b 10.42±0.64a 4.66±0.62a 0.39±0.52a 90.57±9.12a 
Taloba 14.36±1.04a 5.4±0.89b 9.14±0.77a 4.2±0.41ab 0.25±0.04a 101±10.54a Spheroid 
Emarginate 
 
Blue Nile Elkhuwei 12.64±0.62a 5.3±0.88b 8.52±0.49b 3.74±0.42ab 0.28±0.05a 96.3±12.5a 
North 
Kordofan 
Derrrira 9.57±1.39b 5.3±0.82b 9.18±0.76a 3.48±0.49c 0.27±0.06a 104±6a  
Ellipsoid 
point Blue Nile Taloba 12.36±0.95a 5.11±0.33b 10.2±0.66a 4.1±0.35ab 0.27±0.07a 86±4.24b 
 
Clavate 
North 
Kordofan 
Elkhuwei 6.88±0.98de 5±0.00b 6.61±0.77c 2.84±0.51d 0.26±0.04a 104±4.0a 
Rhomboid Blue Nile Shenisha 10.38±0.99ab 9.08±1.02a 3.78±0.29d 2.6±0.02d 0.27±0.04a 70.33±5.13b 
Derrrira 6.53±1.19de 4.95±0.11b 6.19±0.93c 2.30±0.45de 0.19±0.01a 83.33 ± 6.51a Crescent 
shape 
North 
Kordofan KorTaggat 6.1±0.77e 5.1±0.31b 6.23±0.92a 2.08±0.34e 0.19±0.01a 99.32±9.5a 
 
Means± SD, followed by the same letter within a column are not significantly different at p≤0.05 (Tukey’s – b test) 
 
 
   Leaflet width of tree with globose shape was found to be the widest compared to the rhomboid fruit shape 
which is the lowest in width. Comparing medial leaflet thickness of trees, trees with globose fruit shape was the 
thicker, whereas, trees with obovate fruit shape was the thinner. The study results also revealed that stomata 
density in trees with spheroid emarginated and high spheroid fruit shapes were higher than oblong pointed fruit 
shape (Figure 4). 
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                                                 Blue Nile State                                                            North Kordofan State 
 
Figure 4- Stomata density variation on the abaxial surface of baobab leaves. Picture taken at under a light microscope  
at x100 magnification 
 
   Within North Kordofan state, petiole length of leaves (from trees carried ellipsoid, globose spheroid 
emarginated fruit shape) from Saata, Derrira, and Elkhuwei were longer than those from KorTaggat with trees 
bearing crescent shaped. Number of leaflet are generally insignificantly different within North kordofan state. 
Medial leaflet length with tree having ellipsoid, high spheroid, fusiform, and ellipsoid pointed from Kortaggat, 
Saata, Elkhuwei, Derrira were longer than those with trees having oblong pointed, clavate and crescent shaped 
from Elkhuwei and Derrira. Leaflets width of trees bearing ellipsoid, globose from Wadbanda, and Elkhuwei 
were found to the widest one, while leaflets of trees having oblong pointed and crescent shape from Elkhuwei 
and Derrira have the shortest width. There is slightly significant difference in medial leaflet thickness of trees 
from North Kordofan state. Number of stomata of leaves with tree having ellipsoid from Wadbanda was found to 
be highest overall, whereas, with tree having high spheroid from Derrira were lightest one (Figure 4 and Table 
4). 
   In general, leaves from North Kordofan states were smaller than those from Blue Nile state in all studied 
character except the stomata density which is highest in North Kordofan. This finding may be due to the fact that 
environmental variables (annual precipitation and mean annual temperature) have impacts on tree leaves 
morphology (Table 3). This agree with Abrams et al. (1990) who reported that plants from drier environments 
tend to be shorter or smaller overall, compared with those of wetter environments. 
 
   When compared with other countries leaves from Malawi (characterized by an annual mean rainfall of 900-
1200 mm) were, in general, larger (Medial leaflet length 13.99±2.72cm, pedicel length 11.74±2.47cm) than 
those from Benin (characterized by an annual mean rainfall of 200-840 mm) (Medial leaflet length 7.65±1.88cm, 
pedicel length 6.41±2.35cm), whereas leaves from Malawi were thinner (ML thickness 0.24±0.02mm) than 
those from Benin (0.26±0.05mm) these reported by Cuni (2010). Leaves from Malawi and Benin were, larger 
(ML length, pedicel length) and thinner (ML thickness) than those from Sudan (Blue Nile & North Kordofan 
states). 
   Regarding the stomata density, from this study the stomata density is low (83.36mm2 and 101.36mm2) 
compared to Malawi & Benin. Cuni, (2010) reported that stomata density were different in west Africa and it is 
higher in Malawi 226.5±28.0mm2 than in Benin which is 112.12±32.62mm2. 
 
   The differences in leaves morphology and stomata characteristics are dependable with climatic differences 
between the study states, Blue Nile state (situated in a wetter area) had the lowest stomata densities while the 
highest stomata densities were found in the driest North Kordofan study state. The stomata density had 
relationship between climatic characteristics observed in the two states is in accordance with the literature. 
 
   This result may be due to the fact that the highest stomata density with small size is crucial for water 
accumulation and water losing avoidance in the dry areas. This observation may be due to the fact that climatic 
factors have an influence on stomata densities and leaves size. This might also account for the high number of 
significant correlations between leaf size and climatic factors (precipitation and temperature) in the study areas. 
The result is supported by Pock Tsy et al. (2009) who observed the differences between leave shapes and the 
stomata characteristics in relation to climatic factors. These differences observed in leaf morphology which may 
support the genetic differences in baobab location in the study areas. Von Breitenbach, (1985) concluded that the 
differences were mainly related to genetic origin. The relationship between leaves morphology, genetic and 
environment has been criticized in the literature. For instance, Cuni et al. (2010) reported that baobab trees from 
Benin humid area even though it is in the Sudanian zone had different leaf characteristics when they were 
compared with those from Malawi. However, further research is needed to confirm which baobab tree varieties 
are tolerant to drought under the climate change prospective. 
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   Variability in leaf size has also been reported with plants from xerophitic environments having smaller and 
thicker leaves than those. As Abrams et al. (1990) decided that xerophytes often have a higher stomata density 
than mesophytes from wetter environments, the higher temperature, the higher the stomata density, the lower the 
precipitation, the higher the stomata density (Burns 1969, Sutcliffe 1979, Ristic and Cass 1991), stomata density 
being significantly higher on  a biaxial in the studied area. A few stomata were found close to the nerves of the 
medial leaflet on the adaxial impressions. Possibly, the observed low stomata densities in this study site are 
related to low quality stomata imprints taken in this site (this was the first study site sampled in Sudan). 
 
4. Conclusion 
 
    The study results indicate that there were significant differences in leaves morphology and size which suggest 
that the environment play a role in baobab leaf morphology. There was a relationship between the annual 
precipitation and temperature and stomata density which may support the degree of physical isolation and 
genetic structure of the populations. But it requires additional data on molecular analysis and chromosome 
number to prove genetic diversity.  
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